Solvent toxicity in organic-aqueous systems analysed by multivariate analysis.
The effect of several solvents present in a biphasic reaction system on cells of Rhodococcus erythropolis DCL14, Xanthobacter Py2, Arthrobacter simplex and Mycobacterium sp. NRRL B-3805 was evaluated. These four strains have been widely exploited, from bioremediation to the production of fine chemicals, in two-phase reaction media. The solvents tested were ethyl butyrate, n-hexane, cyclohexane, iso-octane, n-dodecane, DMSO, bis(2-ethylhexyl) phthalate and fluorinert FC-70. The cell population was monitored by fluorescence microscopy and analysis of the images captured provided single-cell-level information on cell viability, morphological factors of both viable and non-viable cells, and on the number of viable cells in clusters. These data, and those concerning the initial carveol concentration, the carbon source used during growth, the adaptation time to the solvent prior to substrate addition, and the properties of the organic solvent, were interpreted using principal components analysis (PCA). For R. erythropolis, X. Py2, and A. simplex, between 70.1 and 80.4% of the variability of the data could be explained by six principal components, while 86.7% of the variance in the results obtained with Mycobacterium sp. could be represented by seven principal components. In all cases, solvent toxicity could explain over a third of the variability in the data. R. erythropolis cells were able to maintain their viability under harsh conditions. A period of contact between cells and solvent, prior to the addition of substrate, was prejudicial for R. erythropolis and A. simplex cells, at least for the most toxic solvents, but was beneficial for X. Py2 cells. The number of Mycobacterium sp. cells in clusters was lower after an adaptation period compared to the number of cells in aggregates when the substrate was added at time zero. The substrates transformed by R. erythropolis and A. simplex cells increased the toxicity of the system by decreasing the log P of the reaction mixture. Hydrocortisone was responsible for a reduction in the ability of A. simplex to respond to stress conditions. Mycobacterium sp. cells were apparently unaffected by beta-sitosterol. The results obtained are useful for the design of more efficient two-phase reaction systems where solvent toxicity may be overcome in order to increase cell productivity.